ABSTRACT
Introduction
With the increasingly competitive situation, enterprises have to face the changes of their internal operation mode and external supply chain mode for higher efficiency and lower operational costs. Different from traditional supply chains, a strategic supply chain emphasizes on the optimization of all resources and the coordinate development of the allies based on their core competences. What's more, a strategic supply chain is also different from the integrated supply chain, which mainly emphasizes on the overall control of the upstream and downstream of the supply chain and unilaterally pursues the stability of the chain. Therefore, strategic supply chain is a neutral competitive mode which focuses on the integration of allies' core competences and is of such great features as coordination, agility and difference. Under strategic supply chain mode, the coordination among the allies is more intimate and more dynamic. So the whole supply chain is of much more complexity and perhaps the traditional theories and methods can not give the further support for some relative research.
Complex network is a theory attempted to describe the properties of an actual or virtual network and to establish a model (for instance, mathematical model) to mirror those properties. Based on this theory and from the view of logistics nodes planning of a strategic supply chain, this paper proposes a mathematical modeling framework that captures many practical aspects of network design problems which have not been received adequate attention in the relative literatures. Such aspects considered include: dynamic planning horizon, generic supply chain network structure, external supply of materials, inventory opportunities for goods, distribution of commodities, facility configuration, availability of capital for investments, and storage limitations. Therefore, the research of this paper may provide some references for the mechanism of a strategic supply chain.
The Significance for Strategic Supply Chain Design Applying Complex Network Theory
To better understand the significance for strategic supply chain design, it is necessary to briefly review the background and the fundamental contents about complex network theory. A network is a set of items, which are called nodes, with connections between them, called edges. Systems taking the form of networks (also called graphs in some of mathematical literatures) abound in the world. Typical examples of networks include the World Wide Web, information networks of citations between academic papers, technological networks, biological networks and social networks of acquaintance or other connections between individuals, organizations and business relations among companies, and supply chain networks for sure. The study of networks, in the form of mathematical graph theory, is one of the fundamental pillars of discrete mathematics. Networks have also been studied extensively in the social sciences and in the 1930s socialists realized the importance of the patterns of JIANGBO ZHENG 130 connection between people to the understanding of the function of human society [1] . From then on, typical relevant researches address issues of centrality (which individuals are best connected to others or have most influence) and connectivity (whether and how individuals are connected to one another through the network). Recent years there have been a new change with the research focus shifting from the analysis of single small system and the property of individual nodes or edges within such systems to consideration of large-scaled (maybe millions or eve more of nodes and edges) statistics properties of systems. Recent work in this area is inspired particularly by a groundbreaking paper by Watts and Strogatz [2] . This new approach has been driven largely by the availability of computers and communication networks that allow us to gather and analyze data on a scale further larger than previously possible. This change of scale forces us a corresponding change in our analytic approach -strategic supply chain network is the case in point. For example, traditional research works about supply chain network of tens or hundreds nodes, it is relatively straightforward matter to draw a picture of the network with actual points and lines, and to give specific analysis (the human eye is also an analytic tool) about it through examining this picture. But this approach is not useful with a complex network of thousands or even more nodes -that is very common now for some modern multi-national companies' supply chain networks.
Furthermore, the theoretical body of complex network is established to do primary three aspects: 1) to find and highlight statistical properties, such as path lengths and degree distributions, which characterize the structure and behavior of a network, and to suggest appropriate ways to measure these properties; 2) to create models of networks that can help us to understand the meaning of these properties such as how they came to be as they are and how they interact with one another; 3) to predict what the behavior of networks system will be on the basis of measured structural properties and the local rules governing individual nodes. In fact, the scientific field has made an excellent start on the first two of these aims by drawing on ideas from a broad variety of disciplines. But such achievements are not well introduced in the research field of supply chain systems; especially the item (2) is understated in the planning of strategic supply chain network. Therefore, this paper attempts to apply complex networks theory to establish a modeling framework to better describe and interpret the systems of strategic supply chain.
Literatures Review and Properties
Description of a Strategic Supply Chain [11] propose an extensive review of location problems, Beamon [12] distinguishes models with deterministic data from those with stochastic data, Owen and Daskin [13] clearly separate the static and dynamic models. Cordeau et al. [14] propose a static model considering a multi-commodity, multi-facility and single-country network. The decision variables concern the number of locations, the capacity and technology of manufacturing in plants and warehouses, selection of suppliers, selection of distribution channels, transportation modes and material flows.
Hamer-Lavoie and Cordeau [15] simplify this model by removing the suppliers and the bills of materials. They suppose that the location has already been chosen for plants and the model focuses on warehouse location. The model is dynamic with stochastic demands, and takes inventories into account, including the safety stock. Dias et al. [16] work on the re-engineering of a two-echelon network (facilities and customers). The authors suppose that facilities can be opened, closed and reopened more than once during the planning horizon. They study these conditions within three scenarios: with maximum capacity restrictions; with both maximum and minimum capacity restrictions; and with a maximum capacity that decreases. With the same flexibility idea, Melo et al. [17] aim at relocating the network with expansion/reduction capacity scenarios. Despite of so many important researching works, some important real world issues have not received adequate attention. These include the external supply of products, inventory opportunities for products, storage limitations, availability of capital for investments, and relocation, expansion or reduction of nodes' capacities. Even though some of these issues have been researched individually in the literature, it is ignored that the structure of a network is strongly affected by the simultaneous consideration of these and other practical needs. One observes a lack of reasonably simple, yet comprehensive, models which can illustrate the effect of such factors on network configuration decisions.
In this paper, a supply chain is defined as a network of nodes (e.g. suppliers, manufacturing plants, distribution centers, warehouses, etc.) and lines (including physical lines, e.g. transportation lines, and virtual lines, e.g. information and communication channels) that perform a set of operations ranging from the acquisition of raw materials, the transformation of these materials into intermediate and finished products, to the distribution of the finished products to the customers network (Figure 1) . This paper attempts to bridge the gap between the complicated dynamic strategic supply chain in practice and the sound describing models in theory. So the main contribution is to provide a mathematical modeling framework for assisting decision-makers in the design of their supply chains. It is necessary to point out that the mathematical modeling framework in this paper firstly includes the relocation of existing logistics nodes, and can reflect the expansion and reduction of the nodes -it is very common in the practical supply chain operations. Further more, the notion of production in this paper is a wide conception which includes service and production. Then, the setup or shutdown of a node, or the expansion or reduction of a node, is usually a time-and-cost-consuming process. Finally, in strategic supply chain circumstances, it is emphasized that resources should be made full use and be integrated for better efficiency. So the capacity should be transmit to new nodes when some existing ones are shut down. Therefore, to implement smooth transition to a new network configuration needs better coordination of all operational aspects involved in this process, and better management of the required investment capital. Hence, to abate the financial burden put on such a comprehensive project, capital expenditures and network design decisions should be planned over some periods. Based on such contents, this paper tries to put forward a modeling framework which can generally reflect the factors taken into account in optimizing strategic supply chain.
Notation and Definition of Decision Variables
In order to simply describe the principle of the problem and precisely reflect the planning of logistics nodes in the supply chain, there is a very important disposal in this paper. That is, the planning horizon is partitioned into a set of consecutive and integer time periods which may not necessarily be equal. In total, there are n planning periods. Then, it is assumed that if capacity is to be shifted then this will occur at the beginning of period t ( ), and will have a relatively short duration compared to the period length. Finally, it is assumed that prior to the planning all relevant data (costs, capacities, and other factors) were collected through appropriate forecasting methods or company-specific business analyses.
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It is defined that: 
Costs
Mathematical Modeling Framework and 4.4 Decision Variables the Interpretation
The decision variables of this paper are as follows: 
Mathematical Modeling Framework
The formulation shows that the goal of planning horizon is to minimum the total costs. Where, the total costs are consist of purchasing/producing cost, shipping cost, inventory holding cost, operating cost, shutdown cost and establishing cost. The constraints are as follows (constraints of variables for non-negativity and integrality conditions are omitted):
.
Interpretations of the Modeling Framework
ure that only feasible capacity rel
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Constraint (2) is the usual demand-supply flow conservation conditions which must hold for each product, logistics node, and period.
Constraints (3-5) ens ocations can take place during the planning horizon. Where, constraint (3) guarantees that only operating existing logistics node
can have their capacity moved to new facilities traint (4) imposes that by period t a new node has been constructed at site n j ; cons   in order for a potential capacity relocation; constr states that if the capacity of an existing node has been completely transferred to others then the node has to be closed. The combination of (3) and (5) ensures that if an existing logistics node doesn't operate in a given period then its entire capacity was removed in one of the previous periods. Moreover, by constraint (5) no more capacity can be shifted out at the beginning of the planning horizon.
Constraint aint (5) s (6-8) impose that the capacity of each no tate that it is only worth to operate a se of each selectable node to change at most once. Hence, if can be sp de can't be exceeded in each period. Observe that constraint (6) also prevents any supply chain activities from taking place in existing nodes whose capacity has been totally relocated. Constraint (9) s lectable node if its output is above a given minimum level. Constraints (10) and (11) allow the configuration an existing node is closed, it can't be re-opened. Similarly, when a new node is established it will remain in operation until the end of the planning horizon.
Conditions (12) (13) (14) are budget constraints. In each period, there is a limited amount of capital that ent on capacity transfers, shutting down existing nodes and establishing new logistics nodes. So the amount is given by the budget initially available in that period (represented by B t ) plus the remained capital not invested in previous periods (represented by
). In the first period, the allowed investments are as setting up new facilities that will start operating at the nning of the second period (see constraint (12) ). Moreover, in each one of the following period t, the available capital may cover capacity transfers, the costs incurred by closing existing logistics at the end of period t − 1, and setups of new nodes that start operating at the beginning of period t +1 (see constraint (13)). In the last period n, the allowed investments concern capacity transfers as well as shutdowns of nodes that ceased operating at the end of period n − 1 (see constraint (14) ).
Thus, through reasonable assumptions and simplified methods, this paper puts forward a begi practical mathematica to give a computational experience. l modeling framework that is very easy to be solved by normal software. In fact, this model is a mixed-integer planning problem, and after given relational data or parameters we can obtain the results. So it's not necessary Copyright © 2009 SciRes JSSM JIANGBO ZHENG 134
Numerical Simulation by Computer
A simple numerical example simulated by computer software is given in this part to prove the correctness and d relative restrains described in the previous sections were alternatives for the flow of products such as in nodes in strategic supply chain as well as through reasonable asanalysis, this paper makes research on it systematically. Based on the references of existing In order to simulate the dynamic supply chain network circumstances and indefinite original quantities of logistics nodes, I randomly generated a tri-echelon network with various ter-facility transportation, direct deliveries from the manufacturer to the customer level, and reverse arcs for the return of goods (Figure 2 ). For such a problem, Table 1 indicates the number of facilities selected and non-selected and displays the average, minimum, and maximum CPU times (in seconds) required to attain optimality of this problem for various variants of the original model. Some important contents should be noted: the second column of Table 1 gives the number of problems considered in this kind of network (for details about the problem characteristics we refer the reader to relative literatures). Five instances were randomly generated for this problem, thus yielding a total of 20 instances. The generated problems cover small and medium-scale networks. In an attempt to generate problems related to realistic cases, the amount of arcs available for the transportation of goods in the networks is restricted to 60%. Also, only a given number of product types can actually flow through each generated arc. In this way, we can constrain the volume of traffic in the networks. In all the problems, the relocation decisions involve the distribution centers and retailers. Furthermore, all data (costs, capacities, demands, etc.) were drawn at random from a uniform distribution over given intervals. These intervals were selected in such a way that a large variety of instances was created that differ by the number of periods, products and facilities, the availability of transportation arcs, the range of fixed and variable costs, and the range of capacities and capital for investments. For each subsequent period, the previous parameter value was increased or decreased by a certain percentage (for instance, 8%) which was randomly selected over a given interval. For example, customer demands for the first period were drawn following a uniform distribution in the interval [0, 25] . In the second period, the percentage increase compared to the first period was randomly generated by 8%. This procedure was repeated until the last period of the planning horizon was attained, thus creating an increasing demand sequence. As mentioned above, all the details can be found in Melo et al. [18] .
Conclusions
Aiming at the planning problem of logistics sumption and deep research woks and their insufficiencies, this paper establishes a mixed integer programming modeling framework for strategic supply chain design from the viewpoint of the planning of logistics nodes. The aspects considered include the relocation of existing nodes through network. This paper has shown that capacity expansion and reduction scenarios as well as modular capacity shifts can easily be incorporated into this model. To verify the efficiency and correctness of the model, a computational simulation is generated by software. The simulation results show that a number of randomly generated test problems can be solved to optimality within no more than 2 hours at average. Therefore, my model is worthy of being applied for the dynamic situation and complex supply chain design.
In future research, an important extension for this model is expected to change the assumption of deterministic demand, costs, and other factors in the problem to stochastic variables. Howeve 30, p ould have an impact on the complexity of the problem. So it is necessary to develop efficient solution methods to this very realistic and strategically significant practical problem.
